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ABSTRACT

This report describes the results of an exberimenta1 study
involving the design, fabrication and measurement of a one-third scale
model of the 4m diameter parabolic torus reflector with d Gregorian
feed for the SIMS application. Antenna pattern measurements of the
model at 60 and 30 Ghz are presented to verify the predictions of a
geometrical optics analysis upon which the antenna design was based.

It is shown that the antenna measurements bear out the geometrical
optics analysis in every respect and that the Gregorian subreflector
feed is usedble at all frequencies above at least 10 Ghz in the full -

in detail including a computerized technique for fabricating the
transcendental subreflector shape with a numerically controlled machine.

size SIMS antenna. ” The.fabricat’ n of the model antenna is discussed
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1'0 INTRODUCTION

O . . - -
»»»»»

| This report describes the results of a three-man month study
undertaken to verify the high frequency performance of a 4m parabolic
torus antenna system for the Shuttle Imaging Microwave System_(SIMS)
This antenna system is designed for simultaneous operation at eleven
frequencies between .610 and 118.7 Ghz utilizing point source feeds
at'the lower frequencies and Gregorian suhreflector feed systems at
the higher £requencies. The Tow performance of the parabolic torus
has been verified by experimental measurements on a one-tenth scdle
model at about 6 Ghz. The tesults of these measurements and a detailed
description of the entire antenna system is included in a previous interim
report(‘) as well as the cesults of a theoretical geometrical optics
calculation,predicting good antenna performance at the higher frequencies
It is the purpose of the portion of the study described in this report
to.construct and measure ‘a one-third scale model for use at 60 and 30 Ghz
in order to verify the high frequency performance characteristics of the
full size ToruShGregorian'combinatiOn at 20 and 10 Ghz.

The one-third scale model is shown in Fig. 1 along with the one-tenth
scale model previously mentioned Since an evaluation of only the electrical
antenna performance was the objective of this study the one-third scale
model'was constructed without the rotating feed support ‘wheel. As seen
in the figure. a single subreflector with a horizontally polarized fead
horn is supported on two fixed rails in the position it would have if it
were on the wheel illuminating the central portion of the torus. The full
model assembly as shown {is approximately 54" wide. 26" high and weighs about

160 1bs. The reflector is believed to have an rms surface tolerance of a

s P P V) 5y it A A ot 1 L g S nem e et
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.'feu_mﬂls. | The 1nterchangeable feed horns were provided for use 1n (
. -'_*'!'-"'. o ﬂluminating the subreﬂector at the respective frequnncies of 30 and
| 60 Ghz. Section.z of .nis report dea'ls with a surunary of the measurements
made on the one-third scale model whﬂe Section 3 deals mth the design
“and fabrication of the model.
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2.6 SUNWARY OF THE EXPERIMENTAL RESULTS
2.1 60 Ghi'MeaSGQeﬁén;év :

The maih”éxperiméntai ephasis was placed on’médsuremenfs at
60 Ghz in order to obtain a verification of the gédmetricai optics
caiculations which predicted successful antenna performance at the higher
frequencies. The performancé of the one-third scale model was measured
oh the 1200 foot Mesa antenna range at JPL. The measured 60 Bhz antenna
patterns for the principal and diagonal places for the principal and
cross polarizations are shown in Figs. 2, 3 and 4. The beam shapes,
sidelobe lévels and beamwidths are in excellent agreement with the
geometrical optics predictions of the intérim réport.(‘) As can be seén
in the Figures, the cross polarizéd beams diie to the reflector curvature
and offset feed arrangément are in the diagonal plane and are about i8 db .
down from thé peak of the main beam.

The antenna pattefns were intégrated and the comparison between
the measured values and thé results of the geometrical optics analysis are
presented in Table I. As can be seer, the measured and cofputed bearwidths
are aimost identical. In a manner consistent with the work of the interim
fépbﬁt.(I) the beam efficiency in Table I 1s defined as the fraction of the

principaliy polarized energy containéd within a full width of 1.576° around
boresight. This angle corresponds to the narrowest width of the main béam
which occurs in the diagonal plane. As shown ih the tableé, the meéasured

beaii efficiency is a few percént Highér than the computéd values. The
biggest discrepancy occurs in the fraction of the total power which appears

in cross polarization. The gebmetricai optics analysis gives a value of

1.8% as compared with the measured value of 4% which is still quite acveptable
for the SIMS application. This discrepancy probably occurs due to the
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3 COmparison of Experimental ResuIts and Geometrical o
Optics Calculations Ve ey

One=third scale model
measurements at 60 Ghz

Feed Type: Horizontally polarized
rectangular horn

Track plane 3 db: .667°
beamwidth

Scan ‘plane 3 db: .6115
beamwidth =~ S

Dfagonal plane 3 db: .611°
beamwidth '

Bean efficiéncy: 93.44
(Excluding Cross
Polarization)

Fraction of total: 4%
power in cross
polarization

- — -

Full size antenna performance -

at 20 Ghz as computed from
geometrical optics '

Assumed Gaussian beam shape
.669°
.631°

91%

1.8%




Ay s

aadlh Gar g LA gi

N T e o T Y

,P .. ‘ , Lyx »,n .'n.r w it f.‘ oy fc.. o..;.Al
; i 1 T 1“,_*1_‘: il LD X
A i e R R L&
288l IA | 1N ﬁ 1F IR __,_ F 1IN

) TN ¥ il B BF AL
—— ) b | i1 RS L 0k o i

. gL 1] Ih 2 5 T B IR\ RAR Y IR I {1 I

Rt L1 g3l 520 &1 Ehsd AAER 1K T AL A ik

1 . P i 5 1K e b 1 ERERER _,M_M__m_hg = Uil *eA_. ] J

, i1 Id N AN * q.r L BinnanE a 1 i ¥ L ik i ._A.w..

o | 11ITTHIRYR VB LB R RRBERR A VRN (N 1NN ARV ¥ T L
.._ . .. | h | .». _.ﬂi.%. H K 11 A*...hﬂ MiE ! T: _ : ‘ . 1

. Vi 1 ey FRgREY K 1} A E I 3 \ /i 4 -

) 1R t T H m I ﬁ__ﬁ _ﬁ 5aH T

. ; T i ! CERE TR EE T K a5 , A f
. u,1 “. ..u Y n .‘ __. ] u‘T- 1
. H,. fnww A + 4M“ «w 4] .T._v .,4:,1. 144 ” *r w .ﬂ.“. . . jj-# .nn_ 11 *
> 210 . . - o :

. el (=7 o _ 8 B | 1014 ! 1. i "
o A i e Bt Tl Y il at ke iaanal
— : 1 L RER IR IR MG o T

m 1 .ﬁ M .TL_ TN I i | #1 1oF Hit

- .ns , : M - 4§ it .M-—. E L - -4 m | . - . _. __ M “ ! oy L.r? — g

1 A TIH I Nk ! T o CREW (L FUSTNE GENRT ERAH NN AT EA S
o [HEERE e R e e i R0 AR G R R st sl i
' ‘...... %anTW - _mr b LIﬁ.Alv - . “. . A.“ 4- ._ .41w ﬁl. uuﬁ‘..n - . wxm L -4t Ym mw. .L.w _1 1 l* .A.Tl ;# S !‘ = S
T i L HRHRR M it M i ﬁ ‘
v , K m..m. ”4. { 144 :m. K .“ [ AU .. g o I i _ PhbE | i SR g
,. S It 0 G5 e R st dagi b
— T I TRERLIE TR TN T TR T TR RERLIEEE
L\ﬂ A P! .;. ...f E1REN 11 [111RERE) ikinl IMERG1 At T
L RN R xRN T RN /TEM CIETA ERRRRY SRR RRRRNS , BT

T TR EEE AT .m:.o_.uﬁta—on SSOUD T ik . ik

R 1B AR ,E_m redioutad ays 403 . * 1 Tt i

)I._v T ¢ L zw9 09 1@ uoljeuiLquod il HivHH t :

— N L_H Y4 sNa03-40399 34 =
s 1 . LR - -qns ay3 30 susajjed _ - + .
._ ?cwi 3) uzm:_ ueds 2 ‘914 :
] . 5,
L _.__::_:_.____:_:__:_:::_:: .
|.|xrm.|.! T b .
- - ....‘.. P ' ..”.. ' v ol
St i e T PRI SR S S B VR S B B o e i
| b Sy e e e I Rt il - . e B e T N et e
' * 4.‘_ . N




- g ——

., B
) s w - £ omymEsTes R i L P IR DI oL e T e ey TR P I ._rlu-..‘l‘.:
.S B - : + - 3 .
. T : .
. Ly ]
- ¥ - (S
. . | ) .o W .. . . . A ot . .
» * - . R . £ ’ . * .
» B . Y * - ? . -
-.|. 2 : JIONVY

; HHRRpUNRIL FRERRRRRARURRRY BARALAT, JRY RAEAR) BRREE + ARRRRRREIS A"
TN T d L . PR T T _.ﬁ T. i 58 K THOET
' ]1LE | BE I I JIA3RANE THHeL A IREARA SRNRCA RN ITEERRES: 418 1) 1 hmall | |
: Wil i SH sy mfm_z LT T il He aaitannant BakE fah 2 - il
— mah TR & 1R ! WT_” wp...,.. I} xM.% .;..A:,..“.L R al .-»,:M. i IIF 4 i '
B v sy 11 e R L RO AT SRTRTRIFRERRY s M GHE P A
TR | \ :u_.m:U. i i ! M R ‘ , o SRS _ 1} ]
R, ri:.w, i Ul #_i s AEi | il i ,_( 1 T k il Al an ikl P
2 N et ; eidt - totet " ;
L AR IRl SNV U IR VR RRARRR ARG pRbpant AR RE0Y R ERRRAL RuRasyRnne S
I TR NN AN N LY Al inaing pAuaal i .
Pl T N AN TN H A i N ISENY M RRER SONRRY FEAN
| lf i TIW «*Lm IS w< 14 _~ H 4 i .,.m,, arl 1& - ] 471 “ il * s 1 t
. H : 1 1 il v v
| vl | { . 44
T 11 B L ITLW et * Tt r T T . TT
EREE 1S AR N RN B ] i
— TR A R T pill AnahRt husid dha g
NERTL INLON) FRRRRERRE] IERRE # . BH REE U NI = ]
w Judiinnnihn Z ﬁ danis RELARNRER RARARE AR
ol  ITH IS H IR R RRARENCRBRE] RARUEY RERANNS L ,
yisueit e L O AT RS T ] AR AL
| FATEY LR FRCE TR AR SR\ SRR AR R A AT A AR RS
iz sl sustb pnnd Anna e R tR  indnnd EARRNARRRNAA NARAS S REERA TR RRANRA NANE-
H m m o1 ... H .., i . A n . “ 3 | R &
A A T A S O AR TS
_, B L . T T HHH RS B R
e e T TR IRRDkaad dakid taabd iasantiadd adant Ehe Innal ANE20 AR
B il diHTHEH i AT STRE L FANag IR REBY FRORRE BRRARRRELSH |
AR fm 4\ ;w f Td j ! M 1 ARNAE R ,* A L. ;.TI f
T_._ m%w. : .. BA X0 AR T ] AR ﬁ | ] t .TL.} ..A* ....,: . “ i
,,ﬂﬂuﬁ *lm ~|“v . .- ..n . R : i T T . ~ M .,w* T..*
T R L 1 TH ! | 1
2 - » U 7 SE NN i T
, r{ . -suojyezwaejod ssoud . - N ik i 1 SEast hurai
49t -pue rediougsd ayy 4oy ! v _
HEHE - zqg g9 e uoneulquod . T 8
: - T sna03-403d3(3a4
”  -qns-agy 40 susezzed . o HHNGHEHT
A (aueld H) suerd yoedl, . € 914 ¢ X
‘n...--...-.nl.h-u..-h.ulp .,-.......-....L.,_.—\
. | s .__ . . ) 2
- - R e i SR R
e T T ] e e T LI T




L cmew et

T e

e e

— the L “ ! _ K _” as _o .
+ s ilux il .ﬁL.;; BB T i iiise i} A ]
T : ITHLE BRI T | L5 HH .
s Rl ELES1 iR AR TREAM RRnARA IS A 8 Amsas nenl i Bk
Tl : SENERERNY EERER || ERRERRRERAIEEAA R G200 R\ VALARERY (81 FRIO
. :Q;, ,,L? _ fsiatinnel i Hin RN S N
A, ; (8 1 . : ! . . ﬂ 1 ,
e w. | JrM M — Q +l ._. t]: = ‘_j i ERE \“.n +4-1
! " : __ } 1 ' JHH BB
Y HA\RAEL i f of T
st el ..W w _ Fm M o..w “aw = r*ﬁuh L.mil. ,
B g 185 AN P | RN |
il i EEERH IS I m ISV § EBRENRA BRkE])
jRRe] 1n3nd AERANA NE1 TSN IR ML IS ik iRl
1 IS R0 R SIELI FR R B VRN CE i [ET1 3R RRE1 RRANEI |
T e W |; 1 M_Wt M I ! W
— NEE] AR AT (TRE A U RO I Vit 2T
B Thiaed A e s RS GG B el L
§ O TR IR AR R i ;
.; L2 ._,T._ Higef it u._z.. HR\ 11 HE T
L e e ar =
gt 1ilo! TURRN RRAREY MRS EYBBE ARG I8 _ :
— o Tl miinhin Zf 1tk i 21
: : 1 18l I KRl CERERE KK : _ i .
assast e S FREEH AR LR AR FEANIE | Lisbl i it hunnit hnt
1 ST e L e b 1 VIRREEEXREH RUR S RRSABA RERIE RRRERY
S A AR R A b
e e e L B s / KEEK]SRNRE KA1 RRSRRY CREN JURREL iy
i bimiad inksl tid st L AER\RRARRN EANRES 1M B Hail fnaii
RURNA LI ; T INTHE T RYETE] ENOREN ERSRN] RRURHA RyRRR] AL * itk
R T @er__ T inn ;. m:._ AAAE] SREARE RRRRRRENNAR ;
P kel [ T TN JRERRE SN FRAS] (RRERIRcRRR RRNRE
TR R R T e
s _ T TG ol TG .
ann B : : A i sitslbasaniRacal | T :
N _mx.@l. ] : Lo ..., . . . - - - Lﬂ 7 T [
VT -suopjezideod ssoso NG U R RS B o
. TS pue “fediougad auy a0y I\ . , .
— e _Zy9 093 UO{IRULqUOD é 1H i _
N ] Il sna03-403931334qnS 3Y3 40 : m
.W., su433jed sueld jeuqbeiq- ¢ "91d \
) : ! e
’, ' s - - -— — S
e T . .
¢ S PO N TotlTony oLk L i el el b el
e |!ar..:,. e et e e T T N R e e e QT T T <ty b ,..!..i —— .- .y. —w. - ‘*..\v. k- LT %.\..u..wl_.rlfm,.ltiv i A\‘




YRR

c (‘

"fact that the geometr.cal optics analysis assumed a hypothetical
Gaussian féed pattern w1th po1ar1zat10n characteristics similar to that
of an elementary current element. The one-third scale model, however
utilized a horn feed radiator which has similar properties, but could
bé sufficiently different to explain the anomaly.

2.2 Ghz Model Measuréments

It is of some interest to determine 1f the subreflector f.ef
teChninue would work at the longér waveléngths. Limited measurements
of the model at 30 Ghz were made to provide some insight in*s thi:
question Since at this frequency the subreflectia «<ijfv <u only 10
waveIengths., E- and H-plane antenna patterns wéve medsured at
30_Ghz and’ these patterns are presented in Figs 5 and 6 The patterns o
were cut with a U0 db dynami¢ Pange to show the decaying sidelobe
stiucture. It is clear from these pattérns that the model antenna
performancé at 30 u:z does not differ appreciably from the performance
at 60 Ghz, vérifying that the subreflector feéd {s useable in the full siZe

antenna at fréquencies down to at least 10 Ghz.
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3.0 MODEL ANTENNA DESIGN AND FABRICATION
3.1 “Anfenna“Fﬁbricatfon cbﬁsidéfétfbnéi

The primary conéideration-ég@eﬁnjnbxthe fabricafion of the
antenna 1s that of surface tolerance. PreVious_siudies"have indicated
that an rms surface tolerance df 1/40 Will render the.effects of surface
inaccuracies on the antenna beam efficiency negligible. This criteria
would then require an rms tolerance o£.abaut 0.005" for dpefatidn_at
66 Ghz. In order to insure that this.]evél would be achieved and in.order
to make_the model antenna uséful for other iigher frequency applications
presently beéing planned, it was decided that the antenna.would be fabricated
with the objective of having a péak deviation no greater tnan 0.005". Such
a¢curaci¢s are well within- the scqpé_pf standard m@chining'practice.

F;r the antenna meaurements éﬁntémplat;d fof the ohe-third §c$1e
model weight and. temperature stability were secondary considerations. It
was therefore decided to machine the parabolic main reflector contour
directly into an aluminum shell which could be done inexpensively and
with extreme precision on.a vertical tracer lathe. Preliminary caléulations
showau that such a shell 0.25" thick would have a weight of 80 1bs. which
would be quite reasonable for range work, even with the additional weight
of the back-up structure and mounting fixture.

Since the torus would be about 50" in diameter and 25" high some
consideration had to be given to problems associated with the fabrication
process. The first problém involved the détermination of how to
fabricate the raw shell and back-up structure into which the contour

would be traced. The torus is only one-half of a closed ¢ircular shell

wseliditll, /7
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and distortions due to stresses in machining could_seriously effect

the circularity of the contour. Attempts to stretch.form on_bump material
into the fbnm of the raw shel] weuld 1nherent1y give rise to buiit-in
stresses. Subsequent stress relief operations would be only partialiy
effective.and would require a 1arge raw shell wall thickness to insure
finai clean up thereby substantially increasing the material and machining
costs. It was therefore decided_that some casting process should be used
to generate the raw shell.

The reflector surface is too large to economically'cast in one
piece and it was therefore decided to form the shell from a series of
identical gore sections. This method had the advantage that each gore
section could be cast individually along with a gusset and base which
would forwi the refiector back-up structure. This_would eliminate the
need of welding on the back-up structure thereby introducing stresses
into the shell. In addition, since each gore section was of a reasonably
small size they could be sand-cast with a fair precision so that the
raw shell wall thickness could be minimized.

Investigations were made as to the possibility of welding a seam
between each gore section so as to generate one continuous shell surface.
It was determined that large distortions of the gore composite would
occur due to the we’ding even to the point that the final weldment would
not clean up under machinina. This factor and the fact of the stresses,
which would be introduced by the welding suggested inat the continuous
reflector conéept be abandoned.

It was decided that the gore sections wouid_be individually
machined and assembled side-by-side, held accurately in place by

13




' The sides of tbe gores wouid be machined with such an acCuracy that the

bolting to a base piate on the bottom and an alignment ring on the top

cracks between the sections would be iess than a few mills and therefore
no consequende. The_fina1 assembly of the pjcewiSe continuous refiector
would allow for an accurate adjustment of the gore panel positions into
a true figure ot revolution. Finally, only an initial heat treat process
would be required to bring the raw castings to a T-6 condition for
machining. No stréss relief would be required during machining due to

the small size of the individual gore sections.

3.2 Gore Pattern and Castings

Fig. 7 shows a_drawing of the aluminum.pattern from‘which the
gore panels were cast.__Each gore section was chosen to be a 30° sector
of the parabolic torus. The pattern was constructed by first making
a rough male template by bandsawing and fi]ing . 0.09" thick aluminum
sheet to a layout line. The template was then mounited on an axle and
used to sweep a plaster forming femaie‘moid of the curved back surface

of the gore. The mold was then covered with release and the template

withdrawn 0.5" from the female mold surface by a repositioning of the

axle. Plaster was then added to the mold and swept with the template

from its new position. After hardening the 0.5" thick plaster

equivalent of the required curved gore surface was removed from the mold

and reproduced in alumonum by means ¢f sand cast process. The aluminum

gore surface was then captured at the top and bottom by the respective E

14p and base sections into which were machined circular recesses of such
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The gore pattern.
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FIG. 7
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diameters to accurately aiign the surface.} The back gusset was then added
and bolted together and the cracks radiused with modeling compound to
facilitate st casting e

The gores were cast from 356 aluminum and heat treated to a T 6
condition. After casting the shrinkage of the casting dimensions from
those of the pattern was measured and found to be approximately 1.3%.
It was then determined that a radius of the base of the torus of R, = 25.624"
and a torus height of RO/Z = 12.812 would be the best choice of dimensions

for producing a final reflector thickness of 0.25" from the castings.

3.3 Template

The template which was used to trace the parabolic¢ profile of the'
gore sections was machined from 3/16" aluminum plate The paraboiic
contour was approximatéd by ten circular arcs and machined on a
continuous path numerically controlled mi114ng machine with a 0.500"
diameter end mill. The maximum deviation of the ¢ircular arc approximation
from the true parabolic curve was ¢omputed and found to be 0.00023". The
linear separation of the start and end points of the template curve was
inspected after the template was machined and found to be true within at
least 0.001" which was the lower limit of the inspection equipment used

for the measurement.

3.4 Gore Machining and Assembly

Seven 30° gore sector castings were used to form the reflector

surface. Twd Of the sections were split forning two 15° sectors with
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their respective gussetss These two split sections were used at the

; ends of the 180° torus to provide maximum strength. The gore castings

| were first faced off at the top and bottom. drilied and then ciamped

between two flat fixtures where their IOcations were acéurateiy determined
by means of dowe] pins. The edges of the Castings were then machined $6
that the castings could be positioned exactly side by side with a crack

no more than a few thousands of an.inéh'wide. Lightening holes were then -
machinad into the gussets and the gores were then screwed down to a

48" square half-inch thick tooling plate. The gores were équally spaced
in a ¢ircle on the plate $0 that the vesulting geometry was balanced

for rotation.

The parabolic contour was then traced intd the goreé sédtidns
on a 48“ diameter vertical tracer lathe. Care was taken to achieve a
good finish machining with a finish cut of less than 012“ After finish
machining the large and small diameters at the top and bottom of the torus
were inspected and found to be within .001" of theii désign values.

The machined gore sections were thén rémoved from the tooling
plate and mounted on & 0.5" thick aluminum base by means of screws. The
lips at the top of the gores were captured in & circular groove machined
into a 0.25" x 2.5" ring with a numérically controlled machine thus
insuring the circularity of the large diamétér at the base of the torus.
The circularity of small diameter at the top of the torus was generated
by properly aligning the gores as they were scréwed to the base plate.
This was done by sweeping an indicator pivoted at the torus axis along
the edges of the gores at the smaller diameter. After alignment, it was
detemiiined that the upper and iower diameters of the refiector weré circular
within 0.002".

1




3.5 Subreflector Machining
n The fabrication of the subreflector presented the most challenging
' fabrication problem. The subreflector shape is a totally trafiscéndental

BT

three-dimensional curve approximately 8" wide and 4" high. The
) mathematical technique available to genérate the surface coordinates is
; parametric in nature inasmuch as the subrefiector coordinates are not
i; :{ generated directly. For a given point specified in the planat aperture

in front of the torus, a numérical computation generates the coordinatés
of the point on the subréflector through which the ray from the feed

reflécts to the torus and then out to the specified point.

18]
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The machining problem was solved by means of a direct approach.
The planar aperture was divided up into 1700 points which were distributed

Cbeghed L

in such a fashion that the resuiting 1700 subreflector coordinates
genérated by the computer Were sufficiently closely spaced that a 2"
diameter ball mill cutter would gemerate a Faceted approximation to the
true surface when moving from point-to-point in straight 1ines. The
maxiniun deviation from the true surface was estimated to be in the order

of .00125%. The computer was programmed to directly punch and output

a 300 ft. long tape which could command a Bridgeport Series 2 humerically
controlled mi11ing machine to execute the required 1700 cutter foves.
Human transeribing error was thus complétely eliminated. The FORTRAN

program used to make the tape is included ih Appendix A of this report. .
The veflector was hogged out of a cylindrical aluminum blank

O which was rough machined on a lathe. Severa) passes were made with a

finish machine cut of approximately .010". No inspection of the final

18
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surface Was possible but from.previous experience with the machine used. T

cutter positioning errors were believi to be 4n the order of no more ST

than ,0002".

3.6  Feed Horns

Horizontally polarized feed horns were constructed by flaring
up from a waveguide flange in both the E= and H=planes. The horns were
designed to produce 3 db beamwidths of 30° in the H-plane and 60° in
the E-plana. To generate this performanceé an E-plane aperture dimension
of .887A and an H-plane dimension of 2.23\ were selectad. The resulting
aperture dimensions were .174" x 439" for thé 60 Ghz horn and .348" x .878"
for the 30 Ghz horfn. The 60 Ghz horn was 1.875" in length and designed
with a WR 15 waveguide flange. The 30 Ghz horn was 3.000° in length with
a WR 28 waveguide flange. Anterna patterns of the 60 Ghz horn were
measured and aré shown in Figs. 8, 9 and 10 for the principal planes
and diagonal plane cut at a frequency of 59.35 Ghz. Cross polarization
pattarns are also shown. As seen in the figures the méasured 3 db
beamwidths are 30° for the H-plane, 54° for the E-plane and 40° for the
diagonal plane. The observed crosé polarization levels are in excess of

-22 db anrd probably due to range errors.
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4.0 CONCLUSIONS AND RECOMMENDATIONS A

WM

,' The satisfactory performance of the 4m S!MS parabo11c torus
reflector with a Gregorian subreflector feed has been ver1f1ed both o
experimenta11y and theoretica!ly at frequencies above 10 Ghz.

It 1s recommended that any further experimental studies should '
include’ an 1nvestigation of the antenna performance near the edges’ Of
the range of gean to observe the end effects of the torus reflector.
Also, it is recormended that a study be performed to examine the effects
of feed displacement with the objéctive of determining the feasibility
of cluétering independent feed hornis $ide-by-sidé in the subreflector.

5.0 NEW _TECHNOLOGY

No reportable items of new techrology have been identified in
the work described in this report.
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7.0 APPENDIX A

SUBREFLECTOR CUTTER POSITION PROGRAM

NAMELIST/OATA/HoF 959 A9 AZBWIELBY

NAMELIST/DATA2/SUNX

REAL NXoNY oiNZoMX oMY 929K

REAL XLIsrcaz.42)/1764*0.0/,YL19T(42.62)/176a*n.n/.ZL15T¢42,421
/1764%0es/

REAL SUMXL&41)741%CeC/

READ(59DATA)

w
rooowr
"
o
[ ]

IXNDC -
Q

oOn ux»hn

X=C.
{2.GTeeB) GO TO 5
SORT(ABS(  {le=2%%#2/24)%%42 ~ X¥%2) )
SWRT(1a42%%2)
SGRT(Xr#2 + Y*#2)
=X/ (HZ%NY)
~Y/(NZ#NY)
-2/N2
"'2. *NY* NX
MY le =Ze%*NYH#NY
MZ -2 ¥NYH#NZ
K 2 20 =5 + SCRT(H¥%2 + (F-5)%%x2 )
= oHR((K-Y)RA2=X#*2=(Y=F)%%2~(Z+H) ¥%2)/
(K=Y4MA X +MY R LY =FI+MIR(2+H) )
XX -X = C#MX
YY F = Y - C®My
22 Z + H + {¥M2
ARX K=C=Y
ARY -YY/ARX
ARZ 22 7ARX
ARX ~XX/ARX
Ux = MX + ARX
Uy MY + ARY
vz & MZ + AR2Z
UMz =SORTIUX*¥2+UY*22+UZ%K2)
XXP=2 254626%X%= UXXRAD/UNM
YYP2 25.024%YY= UY®RAD/UM
22P=25e624%22+ UZXRAD/UM
IF (JeNEel) 30 TO 9
XLIST(IsJdl= XXP .
I1F (tlcoc.*XLxsT(1,J)-AINT(1000.4XLIST(I.Jsa7eee..6) XLISI(IsJ)

& N -
[ B |
"

=22z
<> =<

NZ
MX

T TR A T I

now wn

¢ sXLIST(IgJ)+edC1

XLIST(IsJd)= AINT(LOCO¢*XLISTITJ11/10700
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53

54
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58
56
60

YLIST(I,J)= YYP
ZLIST(1sJ)= 22P
J= J+l
GO 1C 3

IF (XXP- XLIST(IsJ-11-415) 1Csllsl2
HOLDXE XXP

ROLLY= YYP

HCLDZ= 22P

GO 10 3

IF (HCLDXeNESXLIST(IsJ=1)) GO TO 13
HCLDX= XXP

HOLDY= YYP

HCLDZ2= Z22P

XLIST{Iad)= HOLDX

IF ((10CCe2XLISTIIoJI=AINT(12CNe*XLISTII»J)))eCE0eS)
sXLIST(1sJ)+e0C1

COXLIST(IsJd)= AIMTULCCO#XLISTI(15U))/7 100N,

YLIST(IsJd)= HOLDY
2L1ST(lsu)= HCLDZ

© HOLDX= XXP

HOLDY= YYP
HOLDZ= 227

s J+l

X=X+sCl

iFl{Z=al) 319519%2
IF (X-e3) oo
1Fti~e2) 53353454
IF (X=2-e2) 29294
IF(Z~e4) 55955956
IF (Xx=e&) 29234
IF{Z-e6) 57$57¢5686
IF (X=eb+(2/20e)) 29294
IF(2-e8) 59+6Ce5
IF (K+42=0e9) 29l
IF (X=el) 23295
28 Z+4(2

IF (XLIST(1sJ~1)eEQeXXP) GO TO 6

XLIST(lsJ)= HOLDX

IE ({1l e®XLISTII oI ~AINT(1200+4#XLIST(I5J)))eCE0e5)
EXLIST(Isd)44CC1

KLIST(IsJdiz AINT(LIC2ZexXLIST(I9J3)1/710N00

YLIBT(Ied)= HOLDY

ZLIST(1sJ)= HOLDZ

1= I+l

Je 1

GO 70 1 o ,
CONTINUE ORIGINAL PAGE IS
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20 FORMAT (1293({=9~9FBe3)s-%-)
I= 1
R 14 Js 42
ST 15 IE (XLIST(IsJ)eMCeCe) GO TO 16
S JE J=-1
e GO TC 15
SR 16 XNCVE2 =XLIST(IsJ)
S YHOVE=  YLIST(IsJ)
S ZMCVE=  ZLIST(1.J)
= we PUNCH 2C 919 XMOVE s YMOVE 9 ZMOVE
o GUMX(I)s SUMX(I)+ XMOVE
Lo 17 XMOVE= XLIST(IsJ)= XLIST(IsJ=-1)
I YMOVE= YLIST(IsJ=11= YLIST(IsJ)
: ZMOVE= ZLIST(IsJ=1)= ZLISTtIsJ)
R PUNCH 20l s XMOVEsYMOVE»ZMOVE
= SUMK(1)= SUMX({I)+ XMOVE
. . IF (JeSTel) GO TO 17
o 18 XMOVE= XLIST(IsJd+1)= XLISTUIsJ)
R YMOVE= YLIST(IsJ+#1)- YLISTUIZJ)
z 2iCVE=s ZLISTIledvl)= ZLIST(I» )
S Al PUNCH 20 s 19 XMOVE,YMOVE»ZMOVE
2w gl SUMX(I)E SUMX(I)+ XMOVF
< Js- J+1
= 1 IF (XLIST(IsJ*1)1eNEGOe) GO TU 18
v 3 XMOVE= =XLIST(1sJ)
T MOVEE =YLIST(1sJ)
. ZMOVE= =ZLISTUL»d)
= i SUNCH 20+ 1 s XMOVE s YVOVE »ZMOVE
: ar SUMX(11: SUMX(I)+ XMOVE
1= I+l
= " IF (leLEs4l) GO TO l4a
= -t WRITE(69sDATA2)
- $10P
B h END
: i =XGT
9DATA H=.;313;Fé.5625.s=.accsoA=1..A:9w=6o..ELBw=31. SEND
-_Y . e 4‘
L e ORIGINAL PAGRE I8

OF POOR QUALITY.




